If a population of fluorophores is excited, the lifetime is the time it takes for the number of excited molecules to decay to 1 e or 36.8% of the original population according to:
t nt e n    [ 1 ] 2 ISS TECHNICAL NOTE As shown in the intensity decay figure (Figure 1 ), the fluorescence lifetime, t, is the time at which the intensity has decayed to 1 e of the original value. The decay of the intensity as a function of time is given by:
Where () It is the intensity at time t ,  is a normalization term (the pre-exponential factor) and  is the lifetime.
Knowledge of the excited state lifetime of a fluorophore is crucial for quantitative interpretations of numerous fluorescence measurements such as quenching, polarization and FRET.
Excited state lifetimes have traditionally been measured using the "time domain" method or the "frequency domain"
method.
Time-domain method
In the time domain method, the sample is illuminated with a short pulse of light and the intensity of the emission versus time is recorded. Originally, these short light pulses were generated using flashlamps that had widths on the order of several nanoseconds. Modern laser sources can now routinely generate pulses with widths on the order of picoseconds or shorter. If the decay is a single exponential and the lifetime is long compared to the exciting light, then the lifetime can be determined directly from the slope of the curve. If the lifetime and the excitation pulse width are comparable, some type of deconvolution method must be used to extract the lifetime.
Great effort has been expended on developing mathematical methods to "deconvolve" the effect of the exciting pulse shape on the observed fluorescence decay (see, for example, many chapters in [2] ). With the advent of very fast laser pulses these deconvolution procedures became less important for most lifetime measurements, although they are still required whenever the lifetime is of comparable duration to the light pulse.
ISS TECHNICAL NOTE

Frequency-domain method
In frequency-domain the excitation light is described by: The fluorescence is demodulated and it is phase-sgifted with respect to the excitation beam. The relative demodulation, M, of the emission is then:
And the phase shift is: One must be careful to distinguish the term fractional contribution to the total intensity f from  , the preexponential term referred to earlier in the time domain. The relation between these two terms is given by:
where j represents the sum of all components,  their pre-exponential factors and  are the lifetimes of these components.
Analysis
Multifrequency phase and modulation data are usually analyzed using a non-linear least squares methods in which the actual phase and modulation ratio data (not the lifetime values) are fitted to different models such as single or multiple exponential decays. The quality of the fit is then judged by the reduced chi-square value ( 2  ): In addition to decay analysis using discrete exponential decay models, one may also choose to fit the data to distribution models. In this case, it is assumed that the excited state decay characteristics of the emitting species actually results in a large number of lifetime components. Shown below is a typical lifetime distribution plot for the case of a single tryptophan containing protein -Human Serum Albumin.
5 ISS TECHNICAL NOTE The distribution shown here is Lorentzian, but depending on the decay kinetics of the system, different types of distributions, e.g., Gaussian, or asymmetric distributions (Planck), may be utilized. This approach to lifetime analysis is described in [4] .
Applications
Fluorescence Lifetime Assays
The fluorescence lifetime (FLT) has been widely utilized for the characterization of fluorescence species and in biophysical studies of proteins, e.g. the distances between particular amino-acid residues by Foerster Resonance Energy-Transfer (FRET). FLT is a parameter that is mostly unaffected by inner filter effects, static quenching and variations in the fluorophore concentration. For this reason FLT can be considered as one of the most robust fluorescence parameters, and therefore it is advantageous in clinical and high throughput screening (HTS) applications where it is necessary to discriminate against the high background fluorescence from biological samples.
Also FLT offers more leverage with regards to multiplexing. The ability to discriminate between two fluorophores with similar spectra but different lifetimes is another way to increase the number of parameters to be measured (see, for example [5] ). 
Fluorescence Lifetime Sensing
Most of the fluorescence sensors and assays that are in use today are based on intensity measurements. Though these methods are easier to implement they lack robustness and they require frequent calibration [6] . Many difficulties that are associated with intensity-based measurements can be circumvented using lifetime-based measurements. Lifetime-based measurements have the advantage that they are independent of the fluorescence intensity. In past 10 years many probes that exhibit analyte-sensitive fluorescence lifetime changes have been identified and characterized. Some of these probes are listed in Table 2 . For a detailed discussion on lifetime-based sensing we refer you to the book chapter "Lifetime-based Sensing" in [6] .
Fluorescence Lifetime Imaging
Fluorescence lifetimes also offer opportunities in fluorescence microscopy where the local probe concentration cannot be controlled. 
